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The accuracy of a computer system that was developed
for the analysis of ST segment changes recorded on Hol-
ter ambulatory electrocardiographic monitoring tapes
was compared with conventional visual scrutiny, beat
by beat analog printouts and a commercial J point trend
system. The program calculates and plots multiple elec-
trocardiographicaUy derived variables in a high tem-
poral resolution trend format.
Fifty tapes of good recording quality obtained from
19 patients (13 with chronic stable angina and 6 with
variant angina) were assessed visually and with the com-
puter system; of these, 20 were analyzed by all four
techniques. In the SO tapes, 629 episodes of diagnostic
ST segment changes (all true positive results) were iden-
tified by using the computer system. In contrast, only
Since it is now accepted that in patients with angina pectoris,
transient ST segment changes are a reliable indicator of acute
myocardial ischemia (1-4), ambulatory electrocardio-
graphic monitoring by the Holter technique appears to rep-
resent a suitable approach for the detection of transient isch-
emic events occurring during normal unrestricted, daily
activity (5-7). However, although frequency modulated (FM)
recorders have provided a frequency response adequate for
the reproduction of the ST segment (8,9), the analysis of
Holter tapes presents some difficulty. Conventional visual
scrutiny is questionable because it involves long periods of
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507 were identified by visual scrutiny; none of these 507
episodes was missed by computer analysis. On the 20
tapes assessed using computer, visual, beat by beat an-
alog and J point trend system analysis, 268, 221, 230
and 178 episodes, respectively, were documented. For
the four techniques, false negative and positive results
were 0, 47, 38 and 90 and 0, 10, 6 and 24, respectively.
The results indicate that, of the systems assessed in
this study, the computer program provides the highest
accuracy for detection of transient ST segment changes.
This is probably accreditable to the compact presenta-
tion of multiple electrocardiographically derived vari-
ables, allowing a detailed quantitative assessment of 24
hour tapes. It is of particular value for pathophysiologic
and pharmacologic studies.
the operator's concentration and, therefore, is subject to
operator fallibility. Other available systems, for example J
point trend plots and analog printouts of all individual
electrocardiographic complexes recorded during the 24 hours,
also have disadvantages. The measurement of the J point
alone is inadequate because the whole ST segment is not
taken into account and true ischemic changes cannot be
discriminated from other nondiagnostic changes, such as
upsloping ST depression. Beat by beat analog printouts do
not allow adequate quantification of the ST segment because
of the considerable compression factor used to obtain a
compact tracing.
We have developed a computer program (10) based on
previous work by Marchesi et al. (11-14) that can identify
and measure various electrocardiographically derived vari-
ables for each cardiac cycle. This study was performed to
evaluate the relative accuracy of our software-based system
with reference to three other methods of analysis: visual
scrutiny, J point trend plot and beat by beat analog printout.
To test our system over a wide range of electrocardiographic
changes, we examined 50 tapes from 19patients with chronic
stable angina or variant angina.
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Methods
Study Patients and Holter Recordings
We examined fifty 24 hour tapes of good recording qual-
ity obtained from 19 patients using Oxford Medilog Holter
recorders. These are two channel, frequency modulated cas-
sette recorders with a frequency response of 0.05 to 100
Hz. The 1 mY calibration signal and two electrocardio-
graphic leads are recorded on e120 magnetic cassettes at a
tape speed of 2 mmls. The recorder also incorporates a
quartz-derived, binary time channel that is automatically
zeroed at the start of the recording. This channel is also
used for the event marker operated by the patient. Thirty-
two tapes were recorded from 13 patients with chronic stable
angina exhibiting only episodes of transient ST segment
depression. Eighteen were obtained from six patients with
variant angina with episodes of both ST elevation and
depression in the same lead.
In the patients with chronic stable angina, the two electro-
cardiographic leads showing the most obvious ischemic
changes during exercise testing were selected for the re-
cording. In those with variant angina, lead selection was
made on the basis of the results of the ergonovine test.
Usually, the orthogonal interpretations of one precordial
lead and one limb lead (usually lead II) were monitored.
For the precordial lead, the exploring electrode was placed
in the conventional position and the indifferent electrode to
the left of the manubrium sternum. Lead II was obtained
by positioning the exploring electrode on the left anterior
axillary line at the ninth intercostal space and the indifferent
electrode just below the right clavicle. All electrode sites
R
were carefully prepared to reduce skin impedance and se-
lected to avoid major muscular masses to reduce artifacts.
Analysis of Holter Recordings
All tapes were analyzed by conventional visual scrutiny
and processed by our computer system; 20 were also ana-
lyzed using a J point trend system and a beat by beat analog
compressed printout. For all techniques, only the electro-
cardiographic lead showing the most obvious ST segment
changes was analyzed. Data were handled by two experi-
enced observers. Each tape was analyzed only once with
the different techniques, with no preset limit for analysis
time. This approach was considered closer to a routine type
of analysis and more likely to be used for clinical purposes.
The criteria used for the definition of ischemic-like ST
segment changes were consistent for all systems. Only ep-
isodes of transient negative rectilinear or downsloping ST
segment displacement or elevation of 0.1 mY or greater
lasting at least I minute were considered. Episodes occur-
ring after each other in rapid succession were considered as
separate ischemic events when the electrocardiogram had
returned to baseline level for at least 2 minutes.
To assess the relative accuracy of the four techniques,
the results obtained independently for each tape were logged
and correlated retrospectively. Details of all four methods
used for the analysis are described as follows.
Computer analysis. Tapes were replayed at 60 times
real time using a commercially available playback unit (Ox-
ford PB4). The I mY calibration signal and one electro-
R-Ht
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Jl STA P
Figure 1. Diagram showing the vari-
ables identified and measured for each
cardiac cycle by our computer system.
J1 = J point; J2 = level of the ST seg-
ment 60 ms after the J point; R-Ht =
R wave amplitude; S-Ht = S wave am-
plitude; Q-on = onset of Q wave; S-off
= end of S wave; STAN = ST segment
negative area; STAP = ST segment
positive area. Heart rate is calculated
from the RR interval.
Baseline
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Figure 2. Episode of ST segment depression as represented by
the computer printout. The values of each derived variable, cal-
culated on a beat by beat basis, were averaged on 10 second periods
and plotted against time with the corresponding values of the
standard deviation. During ST depression, there is a decrease in
ST segment positive area (due to a decrease in T wave amplitude),
an increase in negative area (due to ST segment depression) and
negative displacement of both J I and Jz. The two complexes at the
top were retrieved from the computer digital tape and show the
electrocardiographic pattern during the control period (left) and
ischemia (right).
Medilog MA14) that incorporates a 4 MHz 260 micropro-
cessor and a combined display and data analysis memory
of 16 kilobytes. The continually updated analog electro-
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cardiographic lead were digitized with a sampling rate of
100 samples/s and stored on magnetic tape. Digital data
were than analyzed on a beat to beat basis using a mini-
computer (Hewlett-Packard 1000F). According to the al-
gorithm described by Marchesi et al. (11,14), QRS rec-
ognition was performed using a threshold crossing technique.
A weighted filter was set on the first derivative transform
of the QRS, which was then scanned for points exceeding
an operator-selected threshold. The Q wave-on and S wave-
off points were also identified using a second operator-
selected threshold. A baseline was drawn from the Q-on
point of one complex to the Q-on point of the next complex.
This was considered as the isoelectric potential. For each
cardiac cycle, the following variables were identified and
measured: RR interval (ms), ST positive and negative areas
(mVms), Rand S wave amplitudes (/oLV), J point value and
level of ST segment 60 ms after the J point, defined as J2
(j.tV) (Fig. 1).
The values of the different electrocardiographically de-
rived variables were plotted against time by a graphic printer
(Hewlett-Packard 260BA). The program allows for a large
range of temporal resolutions and the time scale of the
printout can be varied (from a beat by beat resolution to
averaging over 120 seconds). For the purpose of this study,
the mean values calculated over a 10 second interval were
plotted against time with 2 standard deviations (Fig. 2 and
3). Preliminary studies indicated no significant gain in sen-
sitivity using a higher time scale. The amplitude scale for
each variable can also be adjusted.
The time required to process a 24 hour tape including
analog to digital conversion, calibration, calculation and
printout of the electrocardiographically derived variables in
a trend format is 60 minutes. This time does not include
the recognition of episodes of ST segment shift that are
identified by the operator on the computer printouts ac-
cording to the previously described criteria. A first discrim-
ination between true ST segment changes and artifacts was
made by assessing the simultaneous behavior of the different
electrocardiographically derived variables and of their cor-
responding standard deviation bars. ST segment changes of
abrupt onset (2': 0.1 mV occurring in less than 10 seconds),
especially if concomitant with abrupt changes in Rand S
wave amplitude, were attributed to postural changes (Fig.
4). Episodes associated with disproportionately large de-
viations from the mean values (2': 2 SD), especially of the
RR interval and QRS duration, were interpreted as being
due to ectopic beats or poor R wave recognition (Fig. 5).
Final verification of each episode identified by the operator
was obtained by printouts of the digitized electrocardio-
graphic waveforms at control, and onset, peak and end of
ischemia retrieved from the computer digital tape (Fig. 2 to
6).
Visual analysis. Tapes were replayed at 60 times real
time using a scanner electrocardiographic analyzer (Oxford
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Figure 4. Spurious ST segment changes simulating an ischemic
episode, which are actuallydue to a posturalchange. The negative
displacement of the J points and the increase in ST segment neg-
ativeareaoccur abruptlyand are accompanied by a suddenincrease
in the amplitudeof the S wave and durationof the QRS complex.
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Figure 3. Computer printout of two consecutive episodes of ST
elevation recorded in a patient with variant angina. The electro-
cardiographic complexes refer to the first episode and represent
control, ischemia and recovery, respectively. See also Figures I
and 2.
cardiographic signal, displayed on a television screen, was
scrutinized by the operator for diagnostic episodes of is-
chemia. For each episode of transient ST segment change
identified by the operator, electrocardiographic complexes
of control, onset, peak ischemia and recovery were printed
out at a paper speed of 25 mm/s using a strip chart recorder
with adequate frequency response (0.05 to 150 Hz), inter-
faced with the playback unit.
Trend system analysis. The playback unit used for vi-
sual inspection also incorporates a microprocessor that mea-
sures and stores, in real time, the difference between the
isoelectric and J points both preselected by the operator at
the beginning of the playback. The value of this difference,
averaged over 60 second periods, is plotted against time on
a strip chart recorder. Episodes of 0.1 mV or greater J point
displacement were identified on the resultant printouts. For
each episode, the corresponding analog waveforms were
again used as a reference.
Compressed analog beat by beat printout. Tapes were
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Figure 5. ST segment changes due to frequent
ventricular ectopic beats (see electrocardio-
graphic strip at top) can be discriminated from
"true" episodes by our computer system. The
figure shows the behaviorof electrocardiograph- 1500
icallyderivedvariablesplottedagainsttime with
(left panel) and without (right panel) standard O::::.............,,..,......,...,..,....,..,....,.,.,..,.~....,..,.,~.-.-.........,....,......,'"'T"'......-.;
deviationbars. Three episodesof ST depression 0
lasting more than I minute occur at 5. 20 and
30 minutes. The presenceof frequent ventricular -1000
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replayed at 60 times real time by a standard playback unit
(Oxford PB4) interfaced with a fiber-optic recorder (Oxford
FOR200l). This system provides a compact printout of all
electrocardiographic complexes recorded and of the 1 mV
calibration signal. The amplitude scale is 5 mm/mV. The
time scale is optional, but for this study we used a paper
speed of 17 mm/s. Episodes of ST segment changes were
identified by visual scrutiny of the compressed printout.
Evaluation of the system. A well established procedure
to assess the performance of computer-based electrocardio-
graphic analysis systems is to validate the results obtained
by the system with reference to a digital data base of electro-
cardiographic records examined independently by two car-
diologists. This approach was introduced by the American
Heart Association and the Massachusetts Institute of Tech-
nology for the evaluation of arrhythmia detection systems.
As no independent standards are available yet for the anal-
ysis of the ST segment , an analog data base of the 50 tapes
used for the study was established . This approach is ade-
quate for the assessment of the relative performance indexes
of the different systems of analysis being compared. The
tapes were first analyzed visually because direct scrutiny
was thought to be the most reliable method and, therefore ,
a suitable reference technique . However , after a careful
comparison of the results achieved by computer and the
other techniques (see Results and Discussion), the former
was discovered to be more accurate and was therefore used
as the reference for the evaluation . Consequently, the usual
evaluation outcomes (true positive/negative results, false
positive/negative results) were established with reference to
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Figure 6. Computerprintout of a prolonged episode of
ST segmentdepressionrecordedin a patientwithchronic
stable angina. After an initial period of marked ST seg-
mentnegative displacement, the electrocardiogram tends
to normalizewithout returningcompletely to the control
pattern (see electrocardiographic complexes at top).
A further increase in ST depression then occurs, before
the complete resolution of ischemia. This episode was
interpreted by visual analysis as being composed of two
separateevents.
the computer results. Moreover, sensitivity and true pre-
dictivity were calculated by the following formulas:
S ... tp 100 dicti tp 100ensrtrvity = --- x -; pre ictivity = --- x -,
tp+fn 1 tp+fp 1
where tp == true positive; fn false negative and fp ==
false positive. Predictivity was preferred to specificity be-
cause its calculation does not rely on the documentation of
true negative findings which, in the present study, could
only be established arbitrarily.
Results
Comparison of computer and visual analysis (Table
1). A total of 629 episodes of ST segment depression or
elevation were identified on the 50 computer printouts. When
verified by examining the corresponding analog electrocar-
diographic waveforms played back by the computer, all
fulfilled the aforementioned criteria for true positive find-
ings. A total of 525 episodes were identified by visual anal-
ysis. All episodes were also recognized on the computer
printouts. However, 18 episodes incorrectly interpreted by
the observer as separate events were proved by the computer
printouts and analog electrocardiographic waveform replays
to be part of a single episode in which the ST segment
returned only partly to control (Fig. 6). Of the remaining
122 events recognized by computer analysis but not by
visual scrutiny, 85 were episodes of minor severity « 0.2
mY ST displacement) and 37 interpreted by the observer as
single episodes proved to be composed of 2 consecutive
lACC Vol. .. No.2
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Table 1. Results Obtained by Computer and Visual Analysis
(50 tapes
A B C D E
Total 629 525 507 122 18
Patients with 327 273 263 63 10
stable angina
Patients w.th 302 252 244 58 8
variant .mgina
A = total number of events identified by computer analysis; B = total
number of events identified by visual analysis; C = total number of events
in which .igreement between the two techniques was found; D = total
number 01 events identified by computer analysis only; E = total number
of events identified by visual analysis only.
separate events. The episodes missed by visual analysis were
evenly distributed between the patients with chronic stable
angina and those with variant angina.
The magnitude of ST segment displacement appears to
be one of the factors conditioning the recognition of the
episodes. For the different severity subgroups (> 0.1 <
0.2, > 0.2 < 0.3 and> 0.3 mV ST segment depression
or elevation), the events not recognized by visual scrutiny
were: 74 (26%), 11 (6%) and 0 (0%), respectively. The
presence of ST segment depression in the basal electrocar-
diogram also affected visual recognition of ischemic-like
events. In the group of patients with chronic stable angina,
23% of the episodes superimposed on an abnormal ST seg-
ment were not identified by the observer, whereas only 10%
were missed when the rest electrocardiogram was normal.
Other factors that apparently affected visual interpretation
of tapes included the rate of progression of the ST shift and
the comparative severity of sequential episodes. For ex-
ample, in the patients with variant angina, 95% of the ep-
isodes missed were characterized by ST depression of less
than 0.2 mV amplitude, most often after dramatic episodes
of ST elevation. Conversely, the duration of the transient
ST segment displacement in itself did not appear to influence
visual recognition.
Comparison among the four systems (Table 2). On
the 20 computer printouts, 268 episodes of transient ST
segment changes were identified as all true positive results
when verified with the analog electrocardiographic wave-
forms played back by the computer. Of these, 221, 230 and
178 events, respectively, were recognized by visual scru-
Table 2. Results Obtained With the Four Systems (20 tapes)
Computer Visual Beat by Beat J Point
System Analysis Printout Trend System
---
True positives (no.) 268 221 230 178
False negatives (no.) 0 47 38 90
False positives (no.) 0 10 6 24
Sensitivty (%) 100 82.5 85.8 66.4
True pn.dictivity (%) 100 95.7 97.5 88.1
tiny, analysis of the compressed beat by beat recordings and
J point trend plots. Thus, relative to the results obtained by
the computer analysis, the incidence of false negative results
was 16% for visual scrutiny, 13% for the analog printouts
and 30% for the J point trend system.
The reasons for the discrepancy between the results ob-
tained by visual and computer analysis were discussed in
the previous section. Of the 90 episodes missed by the J
point trend system but detected on the computer printouts,
65 were episodes of short duration, 31 were episodes of
minor severity and 4 were instances of 2 episodes in close
proximity interpreted as a single episode.
The number of episodes apparently missed using the
computer system but recognized by visual analysis on the
compressed analog printout and J point trend plot was 10,
6 and 24, respectively. All proved false negative when the
corresponding electrocardiographic waveforms printed out
at a paper speed of 25 mrn/s were examined. Visual analysis
showed these to be due to single episodes interpreted as two
separate events as described previously. This was also true
for the compressed analog printouts. False positive results
from the J point trend system were due to the occurrence
of frequent ventricular ectopic beats (25%), episodes of
upsloping ST segment depression usually associated with
sinus tachycardia (25%) and baseline wander (50%).
Analysis time. On the average, total analysis time for
computer, visual, beat by beat and J point trend analyses
was 185 ± 32, 115 ± 13,201 ± 27 and 125 ± 9 minutes,
respectively.
Discussion
Relative performance of the systems. The results of
our study show that of the methods used for the analysis of
24 hour tapes, the computer system appears to provide the
highest accuracy for the detection of transient ischemic-like
5T segment changes. The accuracy of our software-based
electrocardiographic analysis also appeared better than that
obtained by evaluting the analog printout of all electrocar-
diographic complexes recorded over the entire period of
monitoring. Theoretically, the latter method should be con-
sidered the standard reference technique because the analyst
is presented with all the recorded information. However,
because of the very large volume of data to be surveyed by
the operator and the considerable compression factor, de-
tection of transient ST segment changes becomes rather
difficult. This appears to be especially true in the presence
of an abnormal rest electrocardiogram and when the ST
segment change develops slowly. For all systems, the rel-
ative percent of detection of transient ST segment changes
appeared proportional to their severity, and practically no
episodes of 0.3 mV or greater ST segment displacement
were missed by any of the techniques used in this study.
This indicates that for diagnostic purposes, commercially
available methods may be acceptable.
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Advantages of the software-based system. The most
important factor accounting for the high accuracy of the
computer system probably relates to the measurement of
multiple electrocardiographically derived variables and their
presentation with high temporal resolution, but in a compact
form. This multivariable approach, along with the presen-
tation of the corresponding standard deviation bars, allows
easy discrimination between true and artifactual ST segment
changes and, therefore, increases specificity. As a conse-
quence it increases operator confidence in diagnosing ST
changes of minor severity, also resulting in higher sensitiv-
ity. These advantages appear to justify the longer analysis
time required to process Holter tapes by this technique.
The use of a trend format of data presentation allows a
more accurate recognition of the onset and end of the ST
segment changes, providing a better separation of episodes
and a more reliable assessment of their actual duration. This
applies particularly to ischemic events occurring in close
proximity, those of slow onset and those superimposed on
an abnormal rest electrocardiogram. Compared with com-
mercially available Jpoint trend systems, our program offers
the major advantage of the measurement of multiple ST-T
derived variables and the high temporal resolution of the
resultant printouts. Measurement of the J point alone dis-
counts potentially relevant information because the shape
of the ST segment is not taken into account and T wave
changes cannot be recognized.
Conclusions. The major advantage of our computer sys-
tem is the possibility of a detailed and quantitative analysis
of 24 hour tapes necessary for pathophysiologic studies,
interpretation of pharmacologic interventions and therapeu-
tic trials. Our results also indicate that it is an accurate way
to validate other possible techniques for the analysis of the
ST segment and justify the attempt to develop an automated
system for the recognition and classification of ischemic-
like episodes.
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